In chronic inflammatory diseases, cytokines stimulate the hypothalamus-pituitary-adrenal axis and the hypothalamusautonomic nervous system (HANS) axis. The present study was performed to find autonomic nervous function parameters in patients with systemic lupus erythematosus (SLE) which are suitable to demonstrate the activation of the HANS axis during systemic inflammation. Thirty-four patients with SLE (age 35.3 ± 1.9 yr) were investigated by seven standardized autonomic nervous function tests. The SLEDAI and laboratory parameters of systemic inflammation were assessed by standard techniques. Pupillary latency time hyperreflexia was found in 29.4%, whereas maximal pupillary area was hyperresponsive in only 2.9%. A total of 12% had overall cardiovascular autonomic nervous hyperreflexia. Patients with latency time hyperreflexia had more severe systemic inflammation [erythrocyte sedimentation rate (ESR): P < 0.001; C-reactive protein (CRP): P = 0.0094; fibrinogen: P < 0.001; albumin: P = 0.003; antinuclear antibodies: P = 0.020]. The longitudinal study of 13 patients during 4 yr demonstrated a parallel increase and decrease in latency time percentile and ESR. SLE patients with increased systemic inflammation had an activated HANS axis which can be measured by a parasympathetic pupillary reflex test.
S lupus erythematosus (SLE) is a disease of defined as test results below the age-corrected 5th unknown aetiology. Its signs and symptoms result percentile, indicating a hyporesponsive reaction to from systemic inflammation which may affect many physiological stimuli [10] . However, hyperreflexia with different organ systems, including the central nervous test results above the age-corrected 95th percentile, system. Owing to systemic inflammation by means which shows an activated autonomic nervous state, of cytokines and other humoral factors, the centre may be present in these patients and in other patients of the humoral and neuronal autonomic nervous with chronic inflammatory diseases. Thus, autonomic system-the hypothalamus-becomes activated [1] [2] [3] .
nervous hyperreflexia may be an indirect sign of an Activation of the hypothalamus-pituitary-adrenal activated HANS axis. Therefore, we investigated, for (HPA) axis results in secretion of corticotrophinthe first time, patients with systemic autoimmune disreleasing factor, adrenocorticotrophic hormone and ease and chronic inflammation (here SLE ) to identify cortisol which modulate the inflammatory response [1, autonomic nervous function parameters which could 2]. Moreover, it leads to the activation of the hypothalpossibly demonstrate the inflammatory activation of amus-autonomic nervous system (HANS) axis which the HANS axis. Thirteen patients were followed to results in increased nerve firing rates in autonomic examine changes in autonomic nervous function in nerves and increased transmitter turnover in lymphoid relation to systemic inflammation. organs and at local tissue sites [4] [5] [6] . In recent studies on the mouse spleen, we demonstrated that electrically released transmitters of presynaptic autonomic nerve PATIENTS AND METHODS terminals (norepinephrine and opioids) inhibited Patients interleukin-6 (IL-6) secretion of macrophages [7, 8] .
Thirty-four unselected consecutive patients with SLE Both humoral and neuronal factors are decidedly were investigated. The patients were referred to the important to feed back excessive inflammatory rheumatology unit of the Department of Internal responses, particularly in systemic autoimmune disMedicine of the University Hospital between 1992 eases. These actions are part of a general physiological and 1996. They fulfilled the American College of stress reaction to prevent defence mechanisms from Rheumatology criteria for the classification of SLE overshooting and, hence, damaging the organism [9].
[11]. All subjects were fully informed about the purpose Recently, we described autonomic nervous function of the study and gave written consent to participate. examination in patients with SLE and found a high Table I depicts the clinical data of the patients. Disease prevalence rate of pupillary autonomic neuropathy activity was assessed according to the SLEDAI [12] . [10] . In these studies, autonomic neuropathy was With respect to autonomic neuropathy (autonomic hyporeflexia), 22 of the 34 patients were described in (mean ± ... 3.9 ± 0.4 yr). Statistical analysis C-reactive protein (CRP), fibrinogen, total serum proMultiple group means were compared by the nontein, albumin and serum protein fractions (a1, a2, b, parametric Kruskal-Wallis one-way analysis of varic) were measured using standard procedures in the ance using the statistical package SPSS [20] . The Department of Laboratory Medicine in our hospital.
relationship between latency time percentile and ESR Immunological assays included the measurement of or fibrinogen was demonstrated graphically by linear antinuclear antibodies and anti-double-stranded DNA regression and the significance was tested by Spearman antibodies.
rank correlation analysis [20] . Values are expressed as mean ± ... and the significance level is P < 0.05.
Autonomic nervous system examination
Cardiovascular autonomic nervous function was RESULTS assessed by a test battery that included standardized tests based on 120 normal subjects [13] : coefficient of Prevalence of pupillary and cardiovascular autonomic hyperreflexia variation of 150 heart beat intervals in the supine position, heart rate variation during six deep breaths Table II demonstrates pupillary and cardiovascular hyperreflexia and hyporeflexia. In pupillary function per minute, known as respiratory sinus arrhythmia test (RSA; R-R max -R-R min or E-I difference), respiratory examination, latency time was the most abnormal function test. Only 44.1% of the SLE patients had vector measure according to Weinberg and Pfeifer [14] , blowing into the mouthpiece of a manometer for 15 s normal latency time test results as compared to agerelated healthy subjects (per definition the 50th perto maintain a pressure of 40 mmHg, known as the Valsalva test (R-R max /R-R min ), and blood pressure centile). One-third of the SLE patients had overall pupillary hyperreflexia with a marked preponderance response to standing up (orthostatic systolic blood pressure fall ). For all calculations, we used the exact of parasympathetic abnormalities. In contrast, overall cardiovascular autonomic hyperpercentile values of each patient derived from Ziegler et al. [13] . Hyperreflexia (hyporeflexia) was present if reflexia was only present in 12% ( Table II ) . Hyperresponsive test results were found most often in the the result was above the age-corrected 95th percentile (below the age-corrected 5th percentile). The diagnosis sympathetic orthostatic systolic blood pressure fall and in the mixed parasympathetic and sympathetic respiratof overall cardiovascular hyperreflexia (hyporeflexia) was made if two or more of the five individual test ory sinus arrhythmia test. The predominantly parasym- The groups did not differ in age (P = 0.46), gender (P = 0.33), disease duration (P = 0.39) or therapy. The significance level according to Bonferroni's adjustment is P = 0.05/10 = 0.005. pathetic coefficient of variation did not demonstrate hyperresponsive results.
Both pupillary and cardiovascular autonomic nervous function were not dependent on disease duration.
Association of pupillary parasympathetic hyperreflexia and systemic inflammation
The patients were subdivided into two groups according to the test result in pupillary latency time ( Table III ) . It was obvious that patients with latency time hyperreflexia had significantly more systemic inflammation, as did patients without parasympathetic pupillary hyperreflexia ( Table III ) . This was particularly true for ESR, fibrinogen, albumin and the a2-fraction of the serum protein electrophoresis F. 1.-Correlation of the parasympathetic pupillary latency time ( Table III ) 
analysis (R Rank
).
Latency time percentile, however, correlated significantly with ESR ( Fig. 1) , fibrinogen (Fig. 2) , CRP (R Rank = 0.5009, P = 0.003), albumin (R Rank = −0.3596, P = 0.037), a2-fraction of serum protein electrophoresis (R Rank = 0.4089, P = 0.016) and titre of antinuclear antibodies (R Rank = 0.3982, P = 0.020).
Association of cardiovascular hyperreflexia and systemic inflammation
There was no association between orthostatic systolic blood pressure fall or respiratory sinus arrhythmia and laboratory parameters of systemic inflammation. Neither were there any significant correlations between orthostatic systolic blood pressure fall or respiratory sinus arrhythmia and laboratory parameters of systemic inflammation. In the longitudinal part of the study, 13 SLE patients strated. Significance was estimated by Spearman rank correlation analysis (R Rank ).
were followed for a median of 4 yr (mean ± ...:
3.9 ± 0.4 yr). It is obvious that hyperreflexia is very autonomic function. Only 1/13 patients became hyporesponsive at the second visit ( Table V; no. 11) and he variable over time ( Table IV ) : four patients had a decrease in the latency time percentile to normal or also had pupillary hyporeflexia at both visits. abnormally low values (nos 1, 2, 3 and 8), and two DISCUSSION patients had an increase from low or normal to hyperresponsive results (nos 12 and 13). Hyporesponsive Pupillary parasympathetic autonomic nervous hyperreflexia was found in one-third of patients results were much more stable ( Table IV; patients 6 , 7, 9, 10 and 11). However, even hyporesponsive results with SLE. Pupillary latency time hyperreflexia was associated with more severe systemic inflammation. can change during the course of time ( Table IV ; patient no. 12). The increase or decrease in latency time However, cardiovascular hyperreflexia, which was found in~12%, was not associated with signs of percentile is paralleled by the increase or decrease in ESR ( Table IV; patients 1, 2, 3, 12, and 13 ; exception systemic inflammation. The longitudinal study demonstrated that latency time hyperreflexia is variable over patient no. 8). It is important to mention that the latency time percentiles of patients 6, 7, 9, 10 and 11 time and is paralleled by changes in the ESR, whereas hyporeflexia is much more stable. with various levels of ESR did not change over time and were hyporesponsive at both visits ( Table IV ) .
Since the early studies of Ewing and Clarke [15] , diabetologists in particular focused on cardiovascular Table V demonstrates that pupillary hyporeflexia can change significantly over time. Five of 13 patients and other forms of autonomic neuropathy [19] . According to strict definition criteria, cardiovascular became hyporesponsive (nos 1, 2, 3, 5 and 9), whereas only one patient became hyperresponsive (no. 12; autonomic neuropathy is diagnosed if two out of five cardiovascular autonomic nervous function parameters Tables IV and V ) . Cardiovascular autonomic nervous function is less affected as compared to pupillary are below the age-corrected 5th percentile [13, [15] [16] [17] [18] . Pupillary autonomic neuropathy is diagnosed if at least ('pupillary autonomic neuropathy'). In patients with permanent latency time hyporeflexia, changes in the one of two pupillary function tests is below the agecorrected 5th percentile [19] . This hyporesponsive reac-ESR were not paralleled by changes in pupillary autonomic function which indicates the presence of tion to physiological stimuli was termed autonomic neuropathy on the assumption that autonomic nerves structural damage, the true pupillary autonomic neuropathy. are structurally damaged, which had been found in diabetic patients post mortem [21] . However, in other
The SLEDAI was neither associated with pupillary hyperreflexia nor with systemic inflammation. The diseases such as SLE, progressive systemic sclerosis or Sjö gren's syndrome, no such histopathological studies SLEDAI is a parameter that reflects the type and severity of organ involvement [12] . However, the are available. Hence, the organic substrates of pupillary and cardiovascular autonomic neuropathy are not fully SLEDAI is inert with respect to acute changes in inflammatory serological activity. This may be the known and hyporesponsive results may also be due to different states of activation of the autonomic nervous reason for only the small trend between SLEDAI and autonomic hyperreflexia. system, e.g. the hypothalamus. In recent investigations, in patients with Crohn's disease and ulcerative colitis,
In conclusion, systemic inflammation was significantly associated with parasympathetic pupillary latency we found not only hyporesponsive, but also hyperresponsive test results after physiological stimuli [22] . time hyperreflexia. Autonomic nervous hyperreflexia is the central nervous readout of continuous activation Autonomic nervous hyperreflexia was defined in a way similar to autonomic neuropathy.
of the HANS axis in chronic inflammatory diseases. These findings, in patients with SLE, may be a basis The high prevalence of autonomic hyperreflexia prompted us to investigate this phenomenon more for further investigations of autonomic nervous hyperreflexia in order to understand better the neuroimmune closely in patients with SLE. Autonomic hyperreflexia was significantly associated with more severe systemic interaction at the hypothalamic level in chronic immune diseases. inflammation. Systemic inflammation due to autoimmune reaction with production of large amounts of pyrogenic substances such as IL-1, tumour necrosis R factor ( TNF ) alpha and IL-6 leads to an activation of
